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ABS1RACf 

The processing of thermoset energetic polymers involves processes in which a 
polymerization of an initial liquid prepolymer takes place. This chemical reaction results 
in a significant increase of the molecular weight of the polymer. Consequently, the 
rheological properties of the material are also affected by this curing phenomenon. The 
extent of this reaction, as well as the type of polymer used, often determine the 
magnitude of these changes and their effect on the quality of the end-product being 
processed. In order to optimize the processing window of polyurethane-based 
formulations, the polymerization reaction has been modeled by Monte-Carlo simulations. 
For this purpose, a numerical code has been developed in ANSI Fortran 77 that allows 
the simulation of A2+B2 polymerization with provision for unequal reactivity of the 
reaction sites. Simulations have been carried out on HTPB-TDI, PPG-HDI and GAP­
IPDI systems. A limited experimental validation has confirmed the validity of the 
molecular weight distributions calculated by the numerical code. The information obtained 
from these simulations should provide a means to estimate the material functions of the 
polymer during the mixing and casting of a formulation by transforming the molecular 
weight distribution into a relaxation time distribution. Minor modifications to the 
algorithm will enable the simulation of more complex An+Bn systems. 

REsuME 

La mise en oeuvre de polymeres energetiques thermodurcissables implique des 
operations comprenant Ia polymerisation d'un prepolymere liquide. Cette reaction 
chimique se traduit par une augmentation importante de la masse molaire du polymere. En 
consequence, les proprietes rheologiques du materiel sont elles aussi tres affectees par le 
phenomene de cuisson. L'avancement de la reaction, ainsi que le type de polymere utilise, 
determinent souvent !'importance de ces changements et leur effet sur la qualite des 
produits finis. Afin d'optimiser les conditions d'operations pour la mise en oeuvre de 
compositions A base de polyurethanne, la reaction de polymerisation a ete modelisee par 
des simulations numeriques stochastiques. A cet effet, un code a ete developpe en Fortran 
77 selon la norme ANSI. Ce programme permet la simulation de systemes de type 
A2+B2 avec Ia possibilite de prendre en consideration la difference de reactivite entre les 
sites. Des simulations ont ete effectuees pour les systemes reactifs HTPB-TDI, PPG­
HDI et GAP-IPDI. Des travaux experimentaux ont permis de valider les resultats de 
distribution des masses molaires obtenus par le logiciel de simulation. II appert que 
!'information obtenue permettrait d'estimer les fonctions materielles du polymere durant le 
malaxage et la coulee d'une composition en transformant la distribution des masses 
molaires en distribution des temps de relaxation. Des modifications mineures devront etre 
apportees au code afm de permettre la simulation de systemes plus complexes de type 
An+Bn. 
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EXECUTIVE SUMMARY 

In times of constant reduction of spending for defence purposes, military 
industries are challenged to produce state-of-the-art weapons and ammunition at the lowest 
cost possible. Hence, any technology transferred from CRAD to industry must be 
developed in keeping in mind these economic considerations. Accordingly, research and 
development in explosives and propellants must be carried out in such a way that new 
formulations can be easily produced by Canadian industry. For thermoset composite 
materials, the knowledge of the rheology of a formulation is critical information in the 
establishment of a processing window for mixing and casting operations. 

Recent advances in polymer rheology have demonstrated the possibility of 
estimating most of the material functions from the molecular weight distribution (MWD) of 
the polymer. Unfortunately, the molecular weight distribution of thermoset polymers 
changes continuously over the processing cycle, starting from the moment that the curing 
agent is added to the formulation. In a first step toward a predictive model for explosive 
and propellant production processes, this memorandum reports the use of a stochastic 
algorithm to describe quantitatively the evolution of molecular species during polyurethane 
formation. A computer code was developed to carry out this algorithm. Simulations on 
simplified formulations based on hydroxy-terminated polybutadiene (HTPB) and glycidyl 
azide polymer (GAP) have been performed. The molecular weight distributions obtained 
have been verified by gel permeation chromatography experiments. From these results, it 
appears that the software would be able to predict the molecular weight distribution of most 
polyurethane formulations before gel point. 

Since a significant linkage exists between the rheology of the polymer and its 
predicted molecular structure, the Monte-Carlo simulations would be a very useful tool for 
the development of new propellant formulations. By simulating the processing of new 
thermoset polymers, the cost of their development would be reduced and more ingredient 
combinations could be tested in the same amount of time. Also, formulations that could not 
be processed into a defect-free end-product would be discarded from the start. Hence, more 
complex energetic materials will be developped and this will benefit to the Canadian Armed 
Forces by making available to them more powerful weapon systems, at a better cost 
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1.0 INTRODUCTION 

The increasing use of composite materials in industries today continuously raises 
new challenges for the processing of thermoset polymers. In the field of military 
technology, composite products are found, besides the well-known aerospace 
applications, in many energetic materials. These include polyurethane-bonded composite 
explosives and solid rocket propellants. The development of new propellant formulations 
requires a thorough evaluation of all aspects of the material characteristics. One of them 
concerns the ability of the propellant to be casted into a defect-free propellant grain. In 
order to achieve this requirement, special care must be taken to optimize the processing 
cycle. When casting, the paste must retain enough fluidity to prevent void formation, 
while showing a sufficient consistency to avoid sedimentation. 

Among the material functions of interest in the evaluation of solid rocket 
propellants, the viscosity-shear rate spectrum is of utmost importance (Ref. 1). 
Numerous techniques have been studied to correlate the observed rheology of the curing 
polymers with the progress of the polymerization reaction. Often, this chemorheological 
characterization is performed by adiabatic viscometry (Ref. 2). In such a case, the 
change in rheology is monitored and correlated with time. Unfortunately, these relations 
cannot be easily adaptated for changes of the polymerization process parameters, such as 
temperature or catalyst concentration. In some instances, the viscosity has been reported 
as a function of the extent of reaction (Refs.3,4). This approach makes possible, with 
appropriate kinetics expressions, the prediction of how changes in the reaction conditions 
will effect the conversion and, therefore, the rheology of the polyurethane system. 

However, the kinetic (or the deterministic) approach alone is unable to self­
adjust to changes in the prepolymer to be cured. So different polyols will, for the same 
level of conversion, obviously have different rheologies, simply because their molecular 
weights will be different This leads to the uneasy task of estimating the molecular weight 
of the polymer as a function of the extent of reaction. In fact, the whole molecular weight 
distribution must be found if one wants to obtain truly complete rheological information. 
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In this memorandum, an application of stochastic simulation algorithms to the 

reaction of polyurethane systems found in rocket propellants is presented. The objective 

of the work described here is to demonstrate the usefulness of this methodology as a 

means of modeling the processing of reactive polymeric material. In this present study, 

the scope of the modeling is restricted to conversion up to the gel point. A numeric code 

in Fortran77 has been developed that allows calculations on multi-component polyol­

polyisocyanate mixtures. The core of the software will run on any platform being able to 

compile ANSI FORTRAN?? code, while the graphics interface modules included are 

specific to Apple Macintosh® operating systems. Experiments have been carried out to 

validate the numeric simulations. Three different were systems considered: HTPB-IDI, 

PPG-HDI and GAP-IPDI. 

This technical memorandum reports work done at DREV between January 1994 

and December 1994 under project PSC 32C, Missile Propulsion. 

2.0 THEORY 

2.1 Description of the time behavior Qf a chemical reaction 

The problem of describing the evolution of a chemically-reacting system is 

mathematically addressed by establishing appropriate time functions for concentrations of 

each species found in the reaction space. As Gillespie (Ref. 5) pointed out, this is 

generally accomplished through either a deterministic or a stochastic approach. 

The deterministic point of view is the more usual way of describing the kinetics of 

a chemical reaction. Generally, the rate of change for the population of each of then 

components of a system is expressed by an equation like: 

[1] 

Hence, the overall behavior of the reaction is given by a set of n ordinary differential 

equations. Often, an analytical solution of the problem is impossible to achieve and 

extensive numerical methods have to be used (Ref. 6) to solve equation [1]. 
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The effectiveness of the reaction rate equations to evaluate the kinetics has been 
demonstrated for an impressive number of reactive systems. However, it must be kept in 
mind that, mathematically, this method interpolates a continuous function over a 

physically-discrete phenomenon. Indeed, the molecular populations of a reaction space 

cannot evolve by a quantity other than the number (integer) of molecules taking part in a 

reaction. Fortunately though, for most problems, this quantum limitation can be 

overlooked. 

The stochastic approach considers the evolution of a chemical reaction as the 
macroscopic result of a purely random series of events taking place at the molecular scale. 

Fundamentally, the description of the time-dependent process is given by a distribution of 

probability functions for each elementary reaction occurring within the reaction space. 

These functions will have to be defined by simple formulations based on the levels of 
species forming the reaction space population. Whenever possible, a prior knowledge of 

the reaction pathway will be helpful. The probability distributions are therafter used either 

in a master probability equation or in Monte-Carlo simulations. This shall be discussed in· 

section 2.4. Examples of the use of the stochastic determination of reaction kinetics have 
been reported to solve problems related to inorganic, pharmaceutical and polymer 

materials chemistry (Refs. 5-10). 

2.2 Effect of molecular weiiht on rheolo2ical properties 

There is an intimate relation between the size of polymer chains in the liquid state 
(or concentrated solution) undergoing shear flow and their material functions. The most­

often studied of these rheological properties, viscosity, is affected by the rate of shear 

applied on the material. Typically, for the range of shear rate found in polymer mixing 

processes, the viscosity - shear rate spectrum plotted on a logarithmic scale will have a 

plateau portion at lower shear rates followed by a linear negative slope. These two 

sections of the spectrum are often referred to as the zero shear rate viscosity (Newtonian) 

and the power-law index (shear thinning). Both are affected by the size of the polymer 
molecule. The zero shear rate viscosity (T\o) changes as a power of the molecular weight 

(M). For monodisperse polymers, the following relation holds (Ref. 11): 
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[2] 

It is seen that beyond the molecular weight of entanglement (Me) the relation between no 
and M will always be the same, regardless of the considered species. Accordingly, a fully 

logarithmic plot of the zero shear rate viscosity against the molecular weight will exhibit 
two straight lines with different slopes crossing at Me. For polydisperse polymers, the 

weight-average molecular weight CMw) of the species shall be used in equation [2] (Ref. 

12). These relations have proved to be remarkably suitable for a very large number of 

linear or slightly branched polymers. 

Even though the zero shear rate viscosity is the primary material function used for 
characterization and simulation purposes, the dependence of T\o on shear rate must also be 

known if one wants to describe a chemical process where a wide spectrum of shear rates 

are applied to the polymer, as with rocket propellant mixing. In such a case, it may be 

useful to describe the transition between the Newtonian regime to the shear thinning 
behavior by a characteristic time (Ae) based on molecular weight (Refs. 12-14): 

A.= 1JoM 
e pRT 

[3] 

Again, unfortunately, some limitations arise from the fact that the slope of the power-law 
region may change with A.e. in such a way that a theoretical-based correlation is difficult 

to establish. 

Recently, Tsenouglou (Ref. 15) and Mead (Refs. 16, 17) have studied the 

relationship between molecular weight and relaxation time spectrum of polydisperse 

homopolymers. Mead has shown that equivalent information was stored in the molecular 

weight distribution (MWD) of a polymer and in its time relaxation spectrum, given that 

numerical interconversion was possible. This can be accomplished by the following 

procedure: 
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1- simulate (or assume, or measure) a MWD 

2- evaluate the relaxation time spectrum ( Gblend (t) ) by: 

G~d(t) = J; W(M)..jF(M,t)dM 
N • 

[4] 

where .../ F(M,t) is the monodisperse species relaxatio~ time function. Often, when no 

experimental data are available, this is expressed by an exponential of the form: 

[5] 

3- from the relaxation spectrum, the dynamic material functions are easily found by: 

G (m) = m J; Gblend (t)sin(ax)dt 

G" (m) = m J; Gblend (t)cos(ax)dt 

G (m) = 17"m 

G"(m) =1J'm 

[6] 

[7] 

[8] 

[9] 

4- fmally the steady shear viscosity is estimated by the Cox-Mayer rule (Ref. 12) and the 

defmition of the zero shear rate viscosity: 

[10] 

[11] 

Of course, the completion of this procedure requires numerical methods for the solving of 

Fredholm integral equations of the first kind that will not be presented into this 

memorandum. However, it shall be seen that the primary motivation for evaluating the 

MWD _through Monte-Carlo simulation lays in the potential rheological information 

generated by this process. 
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2.3 Statistical estimation of lower moments of the molecular wei~ht distribution 

It has been established that a function like a molecular weight distribution can be 
rigorously described by all of its integration moments (Ref. 17). However, for polymer 
science and polymer processing, only the fourth flrst moments are usually retained for 

characterization purposes. These are: 

i) zero moment: 

[12] 

it simply states that the molecular weight distribution must be closed for the species' 

mass fractions. 

ii) ftrst moment: 

N 
"f,n;M; 

Mn =-=i ...... Nr--

"f,n; 
i 

often referred to as the number-average molecular weight 

iii) second moment: 

N 2 
~n·M· L..J l l 

usually known as the weight-average molecular weight 

iv) third moment: 

[13] 

[14] 
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[15] 

simply called the Z- average molecular weight (Mz) 

The determination of these moments of the MWD as a function of the advancement of a 

polymerization reaction has been studied via different methods over the last 40 years. 

Some of them, found in open literature, will be presented below. 

The zero moment is clearly trivial to verify. The first moment can always be 

calculated by simple stoechiometry. For example, one may consider a polymerization 

reaction where: 

A2 +B2 -->high molecular weight polymer 

where A2 and B2 are a diol prepolymer and a difunctional isocyanate respectively. This 

results in the formation of a polyurethane. The number-average molecular weight at a 

particular instant of the reaction is the total mass over the total number of molecules. For 

the previous reaction this translates by: 

M = MA2 +MB2 r 
n 1+r-2X 

[16] 

where: 

[17] 

and 

[18] 

The second moment of MWD requires a more challenging analysis for its determination. 

Early researchers such as Stockmayer (Ref. 18) used extensive algebraic manipulations 

~--------------------------------------------
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based on probabilitiy distributions to deduce a typical expression for polycondensation. 

Keeping the same example for simplification, the appropriate expression is: 

[19] 

In the case of a polydisperse prepolymer, Ziegel et al (Ref. 19) found that this relation 

can be expressed by: 

[20] 

Later Macosko et al (Refs. 20, and 21) carried out a generalization of this procedure with 

a much simpler analysis based on the expectancy of probabilities for a defined 

configuration. 

The moments predicted by these mathematical techniques have been confrrmed for 

many polymeric systems by experimental analytical tools like GPC, tonometry, 

viscometry, etc. They are particularly useful for estimation of gel points in polymerization 

reactions. Unfortunately, they are not as reliable for high degree of conversion. In such 

situations, the mechanisms of molecular species diffusion must be considered. Gupta et al 

(Ref. 10) have demonstrated the use of Monte-Carlo simulations in polymerization 

reactions where diffusion must be accounted for. In these simulations, the spatial 

arrangement of each species was stored in memory in order to assess the probability of a 

reaction between two reactive sites based on the distance between them. Unfortunately 

this requires a fairly large amount of computational effort The approach presented in this 
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memorandum is similar with regards of the Monte-Carlo algorithm but the computation 
task is greatly reduced by the equireactivity assumption since no records of the molecule 
positions are kept. However, time progress of the reaction is monitored. 

2.4 Stochastic aliorithm describini polymerization reaction 

The simulation approach presented here makes use of a Monte-Carlo technique. In 
order to achieve a description of a whole polymerization process, elementary steps, or 
events defining it have to be known. After that, the relative probability of each event has 
to be evaluated. Successive repetition of randomly chosen events suffice to describe the 
polymerization process. 

Consider the reaction described in section 2.3, where one of the two functional 
groups of the isocyanate has a different reactivity. In such a case, three events can take 
place: 

-a reaction between an OH group and a NCO group (event 1) 
- a reaction between an OH group and a NCO' group (event 2) 
-no reaction at all; only time elapses (event 3). 

Accordingly, each event will have to be selected upon its probability, or frequency, of 
occurrence. If a random number is distributed between 0 and 1, then three intervals can 
be defmed as: 

[O,pl] , [pl,pl+p2] and [p1+p2, 1] 

where 

Peventl PI= ___ ........,. .......... __ _ 
P event! + Pevent2 + Pevent3 

[21] 

and similarly for P2 and P3· It results that if R, a random number describing the ith 
event, is part of the interval [0,p1], then event 1 will occur, and so on. The difficult task 

---------------
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is to estimate Pevent i· Often, when physical considerations are not explicit enough, one 

has to go back to traditional kinetics information. Hence, the apparent rate constants can 
make very acceptable approximations of event probabilities. For the situation described 
before, the apparent reaction rate equations are expressed by (Ref. 22) : 

[22] 

[23] 

Considering that a single reaction event involves 1/F mole of each species within a 

reaction space of volume V, then 

A[NC0]1 =A[NC0]2 =-
1 

FV 

and the incremental time for each event is given by: 

At= 1 
1 ktFV[OH][NC0]1 

At =---1
---

2 Js FV[ OH][NCO ]2 

At3 = arbitrary constant 

[24] 

[25] 

[26] 

[27] 

It is obvious that the most probable event should have the smaller time increment, so the 
normalized probability of events for this reaction scheme will be expressed by: 

_ ljAtj 
Pi - 1/ At1 + 1/ At2 + 1/ At3 

[28] 
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3. 0 CODE DEVELOPMENT 

3.1 Molecular di~itization 

The simulation of a polymer chemical reaction by stochastic modeling asks for a 

translation, or an encoding, of the molecular structure information to a numerical data 

bank to be manipulated by the code. For this work, an approach adapted from Pandit et 

al. employing a well-known methodology (Ref. 7) has been retained. It consists of 

expressing the material domain by three vectors: the reaction space vector (RSV), the 

species weight vector (SWV), and the link weight vector (L WV). These quantities are 

described below. 

3 .1.1 The reaction space vector 

The reaction space vector contains the numerical translation of all the information 

about the molecular structure of every species found in the reacting system. This is done 

by assigning a number to each kind of elementary group forming a molecular species. An 

elementary group is considered to have no internal links affected by a chemical reaction. 

For example, an oligomer of polypropylene glycol (PPG) like : 

HO-CH(CH3)(CH2)0-CH(CH3)(CH2)0-CH(CH3)(CH2)0-CH(CH3)(CH2)-0H 

would have a numeric equivalent of 

{0,4 X 4,1} = {0,16,1} 

. The conversion from molecular to vectorial representation is performed by using the key 

described in Table I. It is seen that each hydroxyl group is translated to the numeric value 

of 0 or 1, while successive monomer body groups expressed by 4's are summed to 

reduce the length of the RSV. 

Inversely, a form like {0,12,3,5,2} would correspond, for a PPG-HDI system, to a 

molecule like 

HO-CH(CH3)(CH2)0-CH(CH3)(CH2)0-CH(CH3)(CH2)0-NH-C0-0-(CH2)6-NCO 
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Finally, the RSV will be constructed by sequentially adding each species vector. 

Henceforth, for a reaction space containing at some instant of the polymerization process 

these five chemical species: 

{0,12,1}, {1,12,3,5,2}, {2,5,2}, {2,5,3,16,3,5,2} and {1,8,3,5,3,16,0} 

the resulting RSV is: 

{0,12,1, 1,12,3,5,2, 2,5,2, 2,5,3,16,3,5,2, 1,8,3,5,3,16,0} 

It shall be noted that any particular species of the reaction space vector can be tracked 

back by using the fact that each of them must end by an OH or a NCO group. 

TABLE I 

Numerical Conversion Key for Typical Systems 

Molecular Group Molecular Group 
Group Number for HTPB-TDI for PPG-HDI Description 

system system 

0 - OH prim. hydroxyl 

1 OH OH hydroxyl 

2 NCO para NCO isocyanate 

3 NH-C0-0 NH-C0-0 urethane 

4 CH2CHCHCH2 CH(CH3)(CH2)0 monomer body 

5 phenyl (CH2)6 isocyanate body 

6 NCOortho - isocyanate 

3.1.2 The s.pecies weiiht vector 

The species weight vector contains the amount (in moles) of each species found in 

the RSV, keeping the same relative position in the vectors. Therefore the third element of 

the SWV is the mass of the third species found in the RSV. 
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A typical SWV for the RSV expressed before would be: 

{ 1.1, 0.09, 1.0, 0.12, 0.3} 

3 .1. 3 The link wei~ht vector 

The link weight vector completes the set of reactor space descriptors. It consists 

of the molar amount of each particular chemical link between elementary groups used io 
build the RSV. Accordingly, if five different kinds of links are found, five elements will 

constitute the LWV. Table II summarizes chemical links to be monitored (numerically) 

for two-component polyurethane systems. The LWV is calculated directly from the 

information encoded into the RSV and the SWV. For the previous example, and using the 

key of Table II, the resulting L WV is 

{1.4, 1.49, 4.24, 2.3, 0.0, 0.93, 0.93} 

TABLE II 

Eqyivalence Table for Chemical Linka~ 

Position Groups Involved Link type 
in theLWV 

1 0-4 prim. hydroxyl - monomer body 

2 1-4 sec. hydroxyl - monomer body 

3 4-4 monomer - monomer body 

4 2-5 isocyanate - isocyanate body 

5 5-6 isocyanate body - isocyanate 

6 3-4 urethane - monomer body 

7 3-5 urethane - isocyanate body 



P154742.PDF [Page: 26 of 78]

3.2 Performini a reaction 

UNCLASSIFIED 

14 

Within the frame of this particular study, only condensation reactions from an 
hydroxyl group with ru:t isocyanate function, to form an urethane linkage, have been 
considered. Consequently, the total number of reactions of different kinds susceptible to 
take place into the reaction space is directly related to the number of different (non­
chemically equivalent) OH and NCO functions among all the species. For a system with 
NoH different hydroxyl functions and NNco different NCO functions the total number of 
chemical reactions is simply: 

NcR= NoH NNCO [29] 

Often, hydroxyl functions of a polydisperse polymer are considered to be equivalent, 
with no regards to the molecular weight of a particular species of the molecular weight 
distribution (MWD). In such a case, the number of possible chemical reactions will be 
imposed by the isocyanate population. For example, with the HTPB-TDI system, the TDI 
species bears two different NCO groups, since the reactivity of the ortho group is much 
less than that of the para- position NCO function. Hence, there are two possible reactions 
to consider. It has been discussed in section 2.4 how the choice of the reaction occurring 
at a step of the simulation path is performed. 

Once the reaction type has been selected, the reaction sites have to be chosen. This 
is done on the basis that the probability of having a species reacting with another is 
directly proportional to the amount (mass) of this species found into the reaction space. 
So, if a OH - NCO reaction is to be performed, it is likely that the molecular species of 
the polydisperse polymer having the highest mass fraction has more chance to react. But 
this does not mean that it will actually be the selected site for the reaction (since the 
probability of having a particular species involved in a specific reaction is always less 
than one). 

After the selection of the two reacting species, a copy of their molecular vector 
(MV) is extracted from the RSV: 

~olecule bearing the hydroxyl reaction site: {1,12,1} 
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Molecule bearing the isocyanate reaction site: { 2,5,Z.} 

The chemical reaction between these sites is numerically simulated by forming a new 

molecular vector incorporating the new link formed: 

New molecule: {2, 5, 3,, 12, 1} 

If the molecule formed is new to the reaction space, it will be added in the RSV at an 

index position based on its molecular weight. Mter that, the elements of the SWV and 

L WV are adjusted to the magnitude of the amount of material being reacted at each event 

When less than 1/F mole of a particular species is left, it is removed from the RSV and 

the remaining amount of moles are transferred to its right hand side neighbor within the 

RSV. 

3.3 Al~orithm and software 

A simplified algorithm of the numerical code developed for this project is shown 

in Figure 1. The complete program listing with variable definitions can be found in 

Appendix A. Except for some graphical interface functions included in Macintosh 

specific subroutines, the code is ANSI FORTRAN?? standard. The implementation of 

the stochastic logic and the manipulation of reaction vectors are carried out in a modular 

way by an extensive use of subroutines. The program can handle a reactor space 

including more than 3000 different species (molecular weight) as long as the size of the 

RSV remains under 60 000 integer elements. These limitations result from memory 

resource considerations and could be overcome on a more powerful machine. The initial 

data required for each simulation are gathered within a text file read by the code at the 

beginning of the execution. The template for this data flle is included in Appendix B. The 

code has been used to simulate stochastic processes comprising up to five different 

events. However, more complex situations could also be studied with minor 

modifications. The results of the simulations are saved in two output files: poly.res and 

polyds.res. The frrst file includes the time evolution of Mn. Mw and X while the second 

flle reports the molecular weight distribution as a function of the conversion. 

------------------------ --- --- ---------------------------
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Assign all the Calculate the 
code control t--...... ..-t probability factor 
variables of each event 

Built the reaction 
vectors: RSV(), 
LWVQ,SWV() 

.... . 

. . . . . . . . . . . . . . . . . . . . . " " .... . 

.... 

Select the reaction 
sites 

erfonn the reactio 
and build the new 
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Update virtual 
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RSV() and LWV() 

; ......•..... ~ 
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FIGURE 1 - Simplified Flowsheet of the Computer Code 
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The program execution begins by evaluating an initial probability factor for each event 
before entering the main loop. Within this loop, successive random events will be chosen 
and performed until achievement of the desired level of conversion. Whenever the amount 
left of a particular species becomes smaller than the reaction event increment, the 
subroutine "REDUCE" is called to eliminate this species from each polymerization 
vectors. An on-screen progress of the simulation is given to the user by plots of Mn. Mw 

and MWD. After completion, the user is prompted to print out the fmal screen layout. An 
example of printed screen is given in Appendix C. 

One of the options given to the user by the code control variables is to obtain Mw - X 
and Mn- X plots for the considered system as calculated from Macosko formula (Refs. 
20,21). For a system having reactive sites of the same reactivity, these curves should 
coincide with the same plots obtained by stochastic simulations. 

4. 0 SIMULATIONS 

4.1 Comparative polyurethane systems 

In order to evaluate the efficiency of the stochastic algorithm for the simulation of 
polyurethane polymerization, three different systems were considered: HTPB-TDI, PPG­
HDI and GAP-IPDI. Their chemical structures are shown in Figure 2. In the HTPB-TDI 
reaction, the two isocyanate groups on the TDI do not exhibit the same reactivity. Hence, 
three stochastic events can take place: 1- reaction between an OH group and a NCO para­
substituted (p-NCO); 2- reaction between an OH group and a NCO ortho-substituted (o­
NCO) or 3- a clock event. For the PPG-HDI polyurethane, NCO at both ends of the 
hexane chain have the same reactivity, but the polypropylene glycol contains primary and 
secondary OH. Thus, the set of events in the reactor space is formed by: 1- reaction 
between a primary OH and a NCO group; 2- reaction between a secondary OH and a 
NCO group; or 3- a clock event. Finally, the GAP-IPDI system is very similar to the 
HTPB-'TDI reaction, even though the difference in reactivity of the NCO groups is much 
less significant than with TDI. For each of the previous polyurethane systems, the 
probability of eve~ts was estimated from kinetics rate constants found in Table m. For 
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some instances, these constants were not available for the conditions of the simulations 

and they had to be extrapolated from data reported in the references of Table ill. 

co 
HO-(CH(CH3)- CH2- O)nH 

PPG 
HO-(CH=CH-CH=CH{iOH 

HTPB + TDI 
OCN-(CH2)-NCO 

6 HDI N 
c 
0 

HO-(CH2 -CH(C~N3 )-(O-CH(CH2 N_j) -CHZ )n_ OH 

GAP + IPDI 

FIGURE 2 - Initial Components for each Polyurethane System 

TABLE ill 

Rate Constants used for Probability Estimation 

reaction 1 reaction 2 

reaction type k1 (50 OC) reaction type k2 (50 OC) 

( 1/mol/min) (1/mollmin) 

HTPB-TDI p-NCO, OH .142 o-NCO, OH .0035 

PPG-HDI ·prim. OH,NCO .0015 sec. OH, NCO .0005 

GAP-IPDI ring NCO, OH .0004 meth. NCO, OH .0003 

ref. 

22 

23,24 

23,24 
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4.2 Effect of polymerization reaction variables 

The manipulated variables acting on the polyurethane formation reaction were, for 
the purpose of this study, the temperature and the NCO/OH ratio. It was expected that the 
temperature would affect not only the rate of reaction, but also the molecular weight 

I 

distributions, for systems where a difference existed in the reactivity of reactive groups 
for the polyol or the polyfunctionnal isocyanate. On the other hand, the stoichiometry of 
the reaction determines the level of conversion where a rapid increase of the molecular 
weight is observed. For each of the systems described in section 4.1, a simulation was 
carried out for three levels of NCO/OH ratio: 0.8, 1.0 and 1.2. The effect of temperature 
was investigated only for the HTPB-TDI reaction. 

The results of the simulations are represented by two curves: i) a plot of Mw!Mw0 

against X with an overlay for the time - conversion response, and ii) the fmal molecular 
weight distribution at conversion level of 80%. These curves are shown in Figs. 3 to 8 
for each of the three polyurethane systems. 

10000 6 

.......... NCO/OH=0.8 

NCO/OH=l.O 5 
1000 

----- NCO/OH=1.2 - 4 a:: .ei 
§ ~ 

100 
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.~ 3 
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# 0 
# , , 

10 
, , , 

2 , 

0 0.25 0.5 0.75 1 

XoH 

FIGURE 3 - Effect of NCO/OH ratio on HTPB-TDI polymerization at 50 oc 
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FIGURE 4- MWD for HTPB-TDI polymerization (X=0.8) at 50 oc, NCO/OH=l.O 
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FIGURE 5 -Effect of NCO/OH ratio on PPG-HDI polymerization at 50 OC 
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FIGURE 6 - MWD for PPG-HDI polymerization (X=0.8) at 50 oc, NCO/OH=l.O 
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FIGURE 7 -Effect of NCO/OH ratio on GAP-IPDI polymerization at 50 oc 
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FIGURE 8- MWD for GAP-IPDI polymerization (X=0.8) at 50 oc, NCO/OH=l.O 

5. 0 EXPERIMENTAL 

In order to carry out the stochastic simulations of the polyurethane binder 

formation, the initial molecular weight distribution of HTPB, PPG and GAP prepolymers 

had to be determined experimentally by gel permeation chromatography (GPC) based on 

a polystyrene calibration. The polyols, PPG (Aldrich Co.), HTPB R-45M (Arco 

Chemical) and GAP (3M) were used as received from the supplier. The water content of 

these materials was measured by Karl-Fisher titration and it was found to be below 

0.05% for each polymer. The characterization of the prepolymer is reported in Table IV. 

For the PPG, a correlation was available to estimate the real molecular weight from the 

results obtained by polystyrene calibration (Ref. 25). 
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TABLE N 

Characterization of LiQYid Prepolymers 

Supplier 

Mn Mn Mw polydispersity 

HTPB 6220 12000 1.93 2600 7000 2.7 

PPG 1 3100 3200 1.03 3000 3250 1.1 

GAP 2416 3810 1.57 2000 3200 1.6 
1: Corrected by correlation: Mppo=5.731 Mps0.714 

Moreover a limited number of experimental molecular weight determinations were 

performed on HTPB-TDI and PPG-HDI systems to assess the effectiveness of the 

computer code to simulate these processes. Since both systems were known to behave as 

an A2+ B2 reaction, most of the polymerization products were soluble in an organic 

solvent at high conversion levels. The isocyanates were obtained from Aldrich Co. The 

polymerization was carried out in small beakers on a 50-g scale within a temperature­

controlled oven. During the reaction, five or six 3-g samples were removed at unequally­

spaced intervals of time . Each sample was quenched with an excess of diethylamine 

(DBA) to neutralize the remaining isocyanate. After adding the DBA, the level of 

conversion in the sample was measured by 13C-NMR spectroscopy (Ref. 22) and the 

MWD was estimated by GPC in 4 successive WATERS Ultrastyragel® columns of 

grade 105 (stock# 10574), 104 A (stock# 10573), 500 A (stock# 10571), and 100 A 

(stock# 10570). 

6.0 DISCUSSION 

At this point, it should be recalled that the interest of performing Monte-Carlo 

simulations on simple polymerization reactions was to obtain the MWD of these systems 

at any level of conversion before the gel point. A frrst step toward the validation of this 

work regards the comparison of lower moments of the MWD predicted by the software 
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with those calculated from the Macosko and Stockmayer approach (Refs. 18, 20 and 21). 

For a system where each reaction site is known to have about the same reactivity, as for 

GAP-IPDI, it was found that stochastic results are in good agreement with the curves 

predicted by the more conventional approach. 

It should also be noted that unequal reactivity will only affect Mw since Mn 

depends only on the number of molecules reacted, not their length. An example of this 

effect is shown in Figure 9 for stochiometric HTPB-IDI polymerization at 30 oc. In this 

case, the NCO site in para position is expected to be 50 times more reactive than the ortho 

substituted NCO (Ref. 22). Thus, there is a chain elongation effect taking place that 

delays the weight average molecular growth. In accordance with this hypothesis, the 

results of the simulation are perfectly coherent 

10 

HTPB!IDI 30 °C 

As predicted by Macosko formula for equireactive systems 

--··· ............ ......... 

.... -__ ......... 
... .. .. 

.. .. .. 

. ·· • 
.... -'' .. 

• .. . .. 

• • . • • • . • • . .. . • • 

. . ........ .. 
1~--~~~~~------~------~--------~ 

0 0.25 0.5 0.15 1 

X 

FIGURE 9- Effect of asymmetrical reactivity on HTPB-IDI polymerization 

--- ----- - -·-----
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FIGURE 10 - Comparison between measured and calculated degree of polymeriz3;tion for 

HTPB-IDI reaction at NCO/OH = 1.0 
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FIGURE 11 - Comparison between measured and calculated degree of polymerization for 

PPG-HDI reaction at NCO/OH=1.2 
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As discussed in section 5, experiments have been carried out in the laboratory to 

compare the simulation results with real polymerization products. This comparison was 

based on Mn and Mw for HTPB-TDI and PPG-HDI systems. Figures 10 and 11 show 

that there exists a fairly good agreement for both systems between calculated and 

measured molecular weights except for high levels of conversion. The differences 

observed may be associated with the fact that the measurements were obtained from a 

polystyrene-calibrated GPC, since the factor between actual and measured molecular 

weight may change for higher molecular weight. This is also suggested by the fact that 

this difference is more important for the PPG-HDI curve, where the non-linear correlation 

available was developped for low-molecular-weight polymers. 

. ~ 
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FIGURE 12 - Comparison between measured and calculated MWD for PPG-HDI 

system at NCO/OH=0.8 
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Based on the fact that the calculated Mn and Mw appeared to satisfy experimental 

evidences, it is justified to assume that the whole MWD is reasonably well simulated by 
the software. However, one of the problems with the manipulation of the calculated 
MWD is to reconstruct a continuous distribution from a series of discrete mass fraction 
and individual molecular weights. This can be accomplished by usual regularization code 
with equation [12] as a constraint Even without an extensive mathematical treatment. a 
simple comparison between calculated and measured MWD, as shown in Figure 12, 
reveals an acceptable similitude. 

Another important issue to ensure a meaningful simulation was the frequency 
factor determining the amount of moles reacting during a single event. Based on an initial 
quantity of 100 moles of material, it was found that F should at least be greater than 100. 
This implies that 10000 reaction events were needed to acheive complete conversion. 
Because a greater F value translates into more species within the RSV, the calculated 
MWD is therefore closer to the real physical system where an extremely large number of 
different polymer chains are found. If only the Mn and Mw values are of some interest, a 

smaller F will still give results expected from Stockmayer's equation with a smaller 
computational effort. A typical run time for a simulation was about 30 minutes on a 
68040 based personal computer. 

7. 0 CONCLUSIONS 

Stochastic modeling has been used to simulate the polymerization of a dial with a 
diisocyanate for polyurethane systems similar to those found in solid rockets motors. 
The computer code developed for this purpose has proved to be reliable for the prediction 
of the MWD as a function of the level of conversion (advance of the reaction). This 
information about the molecular structure of a reacting system can be used to estimate the 
rheological behavior of these materials. This would allow a more detailed optimization of 
propellant formulations as well as a better design capability for their related industrial 
processing. 

However, to achieve truly useful results, the same kind of algorithm would have 
to be adapted for systems with significant cross linking, that is, systems with overall 
equivalent functionality greater than 2 for the polyfunctional isocyanate and polyol. This 
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would require minor modifications in the software for the encoding mode of information 

about the molecular structure of species in the reaction space. 

In summary. it has been demonstrated that Monte-Carlo simulations offer a 

powerful, yet simple, mean of investigating the development of advanced polyurethane­

based energetic materials with a minimum of experimental information. Accordingly. 

there is a great interest in pursuing the development of a numerical code that will allow the 

simulation of more complex systems, more representative of in-service propellant 

formulations. The work described in this memorandum will be followed by the 

experimental rheology characterization of solid rockets propellants and the modeling of 

the behavior of these systems will be accomplished using the results presented here. 
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11)1«) ..,su 1110\atre d'un ooo~rt 
lf'OLY ""''' of pol)"'''r (..,lu) 
MIS.O ooass of tsocyonate (1110\ts) 
NCOOH ""'lor rotto of NCO gt0<1p to 0'< grovp 
NCOP~"r HCO \ink number of the react ton performed 
H£11\'0 vector of tnt 1110\tcule fol"'lltd by the last reaction 
h:!SO ~~er of tnit:\al tsocyol'1att specas (1 or 2) 
H(l... nUI!Ibtr of it H erent OH grovp (1 or 2) 
~PhT ~ hn.k n..rnbtr of the rtact\Or\ perforft'll.!d 
Fl,Pl,P3 .. Protu;Jbtl.tty of octurence for each s-eac.ttor'l 
POPUL(I,j) ~ra ..nero i• tnd .. of RSV end J• loWr 
PROP ooo\ar fraction for isocyanate 1 
RSVO lleoctor Space Vector 
s.PEClf l..On for do \001> vectors scanning 
s.PCOH I..Ou for OH reacting specie 
SPCNCO Index for NCO reoehng specie 
sx·· ,sv•• ec:helle de trace """r les fenhru 2 et 3 
Sir• () Specas ""' ght Vector 
TD4E Vtrtuot t\.,. of tho! pol)'IIICrizohon 
»Wt spec\fud end of si...,lll'ticn c..,version 

PROGI!Mo( po 1 )"""r 
logtta\ llf'RIIE ,W.C 
\nteger•z R.SV(-),NEIIV(2Hee) 
\nttger0 4 CHECX,COONT ,DE lilT, hn, Fl,heure ,HPACE ,HZ ,H3,lBODY 
integer•4 INSERT, \tor, \ttnna• ,JUMEAU ,LAST ,LOEBUT ,LFI~ ,LZ, L3,j4()N0 
inttgtr*4 NISO,NOtl, NOH,NT ,OLDX(3) ,Ol0Y(3) ,PACE ,POPU~(Z, 30%) 
1ntegor•4 I'OlOS ,SPECIE ,SPCOH, s.PCNCO, S!lE, SOH, UN!T ,0'< 
reo\ 0 4 SWV()H(!) ,Sit ,MIIr ,loiN ,SXZ ,SYZ ,SX3 ,SY3 ,MISD,MPOLY ,NCOO• ,PROP 
rti\ *4 Ll1«(7),»Wt, f ,S(li.O{,OHPNT ,NCOPNT ,RHO ,kl,k2,k3 ,1(4 ,CI()IX 
t""\*4 SOOM:O,T1M£,DT ,Pl,P2,P3,P4,PS,PTOT ,PCLDCK 
RECOIUl /lh..-ecord/ •indoool ! storage for o hrst ,.,,_ 
IIECOIUl /'11\n-tcord/ ll'indoooZ storogt for a sec..,d Wlndoo. 
I!£COIUl /lltn-etorct/ ll'indooo3 storage for o thtrd onn-
integer•• ptrt 1 ptrl,ptrZ,ptr3 pou'lters to eCKh tnn~s 
chorocter"9 t-sS 
chcracter•31 fraseS 
cnoracter•rz titleS 
chorocttr•ZS6 ISTRGS,RSTRGS ! integer/REAL to strtngS function 
choracter•zS6 StrZSS ! fortran to pascal strtng functton 
EXTERNAL Str255,ISTRGS,RSTRGS,RND !dtf\ned at ona of tha ftle 
(()M)Ii POPIJL ,RSV ,NEIIV ,SIIV 

C Gtt a pointer to the current {TEXTEDIT) wind.., 
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11tril • Fr-ontlhn.clow() 
CAI.L ECRAH(Z ,Zt ,Ste, 219 ,1!19, ",ptrl,orindo¥.1) 
CAI.L I'OliCE(Z1,9,t) 
frostS. • MNEIENT • • 
CAI.L lt>voTo(Vot2(5), Vol2(Zt)) 
CALL o.-... rext(frouS,Vot2(t),V.t.l..Z(Z5)) 
froses-•* • • 
CALL lt>vtTo(VoU(S), VaU(35)) 
CALL Dr•Tut(frosd, Vo\Z(t) ,VALZ(ZS)) 
fro uS. '!fi • ' 
CALL 14ovtTo(Voi2(5), Vol2(5f)) 
CALL Dr-Tert(frouS, Vol2(t), VAL2(25)) 
frcses-·x • ' 
CALL 14oveTo(Vo\2(S), Vo\2(15)) 
CAI.L o.-... rext(frastS, Vol2(t), VALZ(Zf)) 
frostS.' -*>rt toto t d espe~ts:' 
CALL 14ovt'To(Vol2(5), VolZ(ae)) 
CALL DrCMTtxt(frasd, Vo\Z(e), VAL2(25)) 
frostS. 'tan te du ve~teur RSV:' 
CALL 14oveTo(Val2(5), Val2(9S)) 
CALL Dr..,.T .. t(frasd, Vo\Z(t), VAL2(2S)) 
CAL L llll1"'DDE (Jrt r 1) 
t-ss-•eee:M:ee• 
CALL SHOWTIME(t-sS ,ptrl) 

CALL ECRAH(2,2Jt,1,479, 319," ,ptrz,,.tnd""'Z) 
CALL IHITPLOT(ptrZ,l,ZSe ,319,479 ,e. ,1. ,1-. ,5.1E4,1, 

+ SU,SY2 ,LZ,H2) 
fraies-•*' or ... vs x• 
CALL 14ovtTo(Vo\2(12t), V4LZ(11!)) 
CALL I'OciCE(Z1,12,1) 
CALL ForeCo\or(Vol4(41!9)) 
O.L llrowTut(froseS, Vol2(1), VALZ(Z)) 
CALL FortCclor(Vo\4(33)) 
CALL DrowText(fraseS, VolZ(Z), V.lL2(3)) 
CALL FortCclor(Vo\4(341)) 
U.:.L Dr""Tut(frostS, ~ol2(5), V.ll2(4)) 
O.L FortCelor(Vo\4(33)) 
O;.L Dr""Tut(fraseS, Val2(9), VAL2(5)) 

CALL ECUII(Z,2&8,321,479,639," ,ptr3,"'od.,...3) 
CALL IHITPLOT(ptr3,328,ZBe,639,479,10. ,3. ES ,e ,1e. ,e, SX3 ,Sv3, 

+ L3,~3) 
CALL I'OLlCECZl,lZ,l) 
fi"''ses-•.-. Otstrtbo.Jt\()rn"' 
OLL 14oveTo(Vo\Z(l28) ,Y.ll2(18)) 
0.' llr""Tut(fras.S, vatZ(IJ), VALZ(l6)) 

OLL Sttectlhndow(VAl4(pt~)) 
O'L S.OtPO<"t(VAl4(ptr11)) 
O.L ln\tCursor() 
IIIUTE(6, •) "API'UYEZ StP ~ETOU~ PO\Jl LIRE lJ!> FlCHIER DE DO~~!ES" 
PA..SE 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 14o\" pro;r ... starts here 
c c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C LEC'TUIU D£5 !X)jNEES A P'-RTlk D'UN riCHlER TEXTE c ............................................................ . 

OP£N(11, FILE•" , SUTUS. 'OLD' , fORiol-' UNFORMATTED') 
IIEAOC1e, •) t\t\.s 
IIEAD(ll. •) F 
ltEAD(lt, •) XMAX 
ltEAD(lt, *) NCOOH 
READ(le, *) hi SO 
II.UD(lt, •) IIOH 
READ(le, •) PROP 
1\E'-Il{lt,•) OT 
RUD(lt, 0 ) K1 
READ(ll, 0 ) IC2 
REAO(le, 0 ) k3 
1\UJ)(lt, *) K• 
READ(ll, •) IM>RIME 
REAO(lt, 0 ) MAC 
Ruooe,•) NT 
REAO(lt,•) WONO 
RUD(ll, •) IIOOY 
DO I•l,NT 

II.EAO(lt,•) I'OPUL(Z,I),SIIII(I) 
Elll DO 
CLOSE(lt) ............................................................. ............................................................. 
UNIT•11 
OI'!N(ll, Fll£• 'poly. res' ,STATUS. 'OLD' ,FORM.' FORW.~TEO') 
11\UTE(U~!T,*) t\tld 
111\:TE(Uh!T,*) "DISli\:B~'TICJI ItaTIA~E· 
IIIUTE(U~IT, •) ' • ,W.. I ,Qd' 
DO l•l,hT 

Wl\nE(LI<IT ,lt) I ,I'OPUL(Z ,1) ,Sill! (I) 
E>Cl DO 

OI'EN(lZ, FILE• 'po\yds. ru' ,STATUS• 'OLO', FQI!Io4. 'FO;u.u."1EO') 
r...:TEOZ,*) ttt'ld 

CALL I()L!C\JlE(IoT ,l()loj(),UOOY ,..,,MN,SN, .FllSE. ,e) 
U...L P'-OTOS(NT ,SX3,SY3, L3,H3 ,ptr3) 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C FOI\)U.':'l()l. DES VECTEU~S c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C FUNCTIONAl GRWPS TABLE 
c 
C t FUNCTICI'iAL GROUP PlUM. 0H 
C 1 FUNCTIOh:.. G~O~ SEC. OH 
C 2 FUNC~IOhl" GROIP NCO 
C 3 FUNCTICJI,lL GRO.J' URETIIANE 
c • ~'~ 
C 5 ISOCY.I.>ol. TE IDOY 
C fi FUNCTIOML GROIP NCO' c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

FOII>I:NG iriE REACTOR SPACE VECTOR 

C POi. 'ni!:R Ct\UNS FIRST 

w:S()..I.f>Q:. yo NCOOH 
H-e 
DO l•1,NT 

FL-FL+l 
lF(IIO'<.EQ.1) 'MN 

II.SV(Fl)•l 
HS! 

I!SV{FL)-e 
END IF 
FL-Fl•l 
II.SV(F L) .. •I'OPUL(Z, I)/1010 
Fl..fL+1 
RSV(FL)ol 
POPUL{Z, I)-"'PUL(Z ,1)+3-1 

EICl DO 

ISOCYAAHE($) FOLLOII(S) 
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fl«L+l 
RSV(Fl)-Z 
Fl•FL+l 
RSV(Fl)-5 
Fl-I'L+l 
RSV(FL)•Z 
lF {NISO. EQ.2) THEN 

FL-FL+l 
RSV(Fl)-Z 
Fl-FL+l 
RSV{FL)-5 
H-FL+l 
I!.SV(FL)-6 

£111> IF 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ~TIOII OF THE SPECIES IIEI(iHT vtCTOR 
C SIJ! UNE lASE DE N'Ol Y DE P!K Ylof.R (OH) MlSO N:lLES 
C D'YSocY.IJIATE (IICO) c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I'YDIWXYL Cllo\INS FIRST 

DO l•l, NT 
SW(l)•SIIN(I)/SN"If>Ol. Y 

Ell) DO 

lSocY.VU.TE(S) FOWJII(S) 

NT.IiT+l 
SW(~'T)-MlS0°PROP 
P<J>Ul(Z ,NT)•IBOOY+&• 
If (N1SO.EQ.2) THEh 

NT-NT•l 
SW(h"T)-MlSO•(l. ·PROP) 
POPUL(Z,NT)-18DOY.&4 

Ell) IF 

( ............................................................ . 
C F~""!OH OF THE liNt<. IIEl(iHT vtCTOR 
C LINK TI.B.E 
C LI~K(l) • (t·•) PRIM. OH·Io()IO.IER 
C LihK(Z)• (1·•) SEC. ()h-lo()IO.IER 
( L!NK(3) • (•·•) MONCifo't~~!R 
C LIN~(')• CZ-5) IICO·ISocYAtiATE fOOY 
C LI~K(S)• (S-6) IICO'·ISOCY.IJIATE IOOY 
C LlN~(6)• (3-4) URETHA~E-Io()IO.IER 
C L:NK(7)• (3-S) URETHAhE-lSOCYAM7E IOOY 
( ............................................................ . 

DO 1•1,7 
LI~K(l)-t. 

£11) 00 
SPECIE•l 
LlST-RSV(l) 
DO l•2,FL 
NOI"-~(1) 
lF((LAST .EQ. t.ANO .NOII.EQ.4) .OR. (LlST. EQ.• .AhO .NO'IO. EQ. fl)) T~E~ 

LlNK(l)•LlNK(l)+SW(SPECIE) 
Ell) If 
lF((LAST .£Q.t .ANO.NOII.GT .6) .OR.{LAST .GT .6.ANO .NO'IO. EQ.8)) THEN 

liNt<. (1 )•LINK( 1)+ SW(SPE CIE) 
Ell) IF ' 
If((LAST. EQ. 1.ANO .NOll. EQ.4) .OR. CLAST. EQ.4 .A~D .NO'IO .EQ.1)) THEN 

LIN'K(Z)•LINK(Z)•SW(SPECIE) 
Ell) IF 
IF((LAST. EQ.l.AND .NOll .GT .6). OR. (LAST .GT .6 .ANO .NO\II.EQ.l)) T~EN 

LlNK(Z)-LlNK(Z)•SIIV(SPECIE) 
Hll IF 
IF (NOll. GT .6) LlNK(3)-LINK(3)+SW(SPECIE)•(FtOAT(MlW)/4. ·1.) 
IF ((UST.£Q.Z .1J'lJ. NOII.EQ.S) .OR. (UST.EQ.S .AND. I()W.EQ.Z)) 

+ LlN~(4)•LlNK(')•SIIY(SPECIE) 
IF ((LAST.EQ.6 .Ali). NOII.EQ.5) .OR. (UST.EQ.S .AI(). NOII.EQ.6)) 

+ lila.(S)•ll.N'K(S)+SW(SPECIE) 
IF ((LAST .EQ.3 ,All). NOII.EQ.4) .OR. (UST.£Q.4 .ANO. lllii.EQ.3)) 

• llNK(6)•LlNK(6)•SW(SPECI£) 
lF ((LAST .EQ.3 .AND. IIlii .GT .6) .OR. (LAST Xi .AND. NOII.EQ.3)) 

+ LlNK(6)•LlNK(6)+SW(SPECIE) 
IF ((LAST.EQ.3 .All). Pllii.EQ.S) .OR. (UST.EQ.S .ANO. I()W.EQ.3)) 

• Ll1«(7)•LINK(7)+5WV(SPECIE) 
IF ((LAST.EQ.4 .1J'lJ. HOII.EQ.l) .OR. (UST.EQ.S .AND. lllii.EQ.Z) 

• .OR. (UST.EQ.S .ANO. NO!I.EQ.6)) SI'ECIE·SPECIE•l 
IF ((LAST .G'r.S) .AND. (HOII.EQ.l)) SPECIE•SPEC!E+l 
LAST ..!()II 
£11) DO 

IIRITE(UNlT,•) "llUCTOR SPACE vtCTOR:" 
W'UTE{UN!T,ll) (~(I),l•l,Fl) 
llliliE(\J'ilT, •) "SPECIE WEIGHT vtCTOR: • 
IIIIUTE(UNIT, 12) (SW(l) ,1•1,1<.) 
IIIUT£(UNlT, •) "LINK aEIGI{T VECTOR" 
IIII<:TE(UNI1,13) (LINK(l),I•1,7) 
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IF ('04IJ( .G'T .NCCIOH"1N.) XloiU-'iCCIOH"1110. 
\ ~t.....,.•IIIT(XIoiU"F) 

CAI.L IC)LEOJLE(IIT ,l()l«),liOOY , .. ,lfi,SN, .FALSE. ,NlSO) 
IF (IW:) '!liEN 

CAI.L MI.C~(IIOOY , .. ,NC001, LZ, H2,SXZ,SYZ ,ptr2,NT ,NISC,XIIAX) 
EIC> IF 
CAI.l ICLEOJLE(NT ,I()I«),IIOOY ,Mfi,MN,SN,. TRuE. ,NISO) 
OlDX(l)•liiT( .l"lZ•X"SXZ)•l 
01J)X(Z)..()l.DX(1) 
Ol.I)Y(1)-'l2· lilT( .1 "'t2+M!"SY2)-1 
Ol.I)Y(Z)-'l2·111T( .1 "HZ-"SYZ)-1 
CA!.l PlO"IMI(X, .. , SXZ,SY2 ,Ot.DX(l) ,Ot.DY(1), LZ ,H2 .~trZ ,olflS, Z) 
CA!.L PLO"IMICX ,M<,SXZ ,$Y2 ,Ot.OX(2) ,OcOY(Z) ,lZ, 112, ptr2, 341, 2) 
IIR.l1E(Uii!T, 0 ) 'i~~<:rtolent • ',1/F,' 1110\U' 
IIR.ITE(UNIT,•) 'liT FLAG ITER X Mn Mo. ttme (m\n)' 
IIR.ITE(6,•) '\ncr...,nt • ',1/F,' wo\u' 

CAl. L IWIO()I!Z£ 0 
CA!.l I'OP(Fl,IIT,I()I«),liOO') 
l-1 
CO ~llE(l.LE.NT) 

lF(SIIV(l) .LT .1/F) THEN 
CA!.L R.EDOCE(Fl,NT ,l,SITE, LINK,l) 

ELSE 
1·1•1 

EliD IF 
£1C) co 
I'C,OCK-1./DT 
\ttt•l 
CO llhl.E(lter.lE.\tt1"1!10•) 

SELECT ~ EVENT 

srn-e 
CO J~;llE (SITE. EQ e) 

P1•k.l 0ll~K(2)"LlNK(4)°F /150. 
1'2-«.2°Ll~K(Z) 0LINK(5)•F /150. 
P3-K3 °LINK(l ) 0 liNK( 4 )°F /150. 
P4.K4"ciNK(l)"LlhK(S)•F /150. 
PTOT ·Pl•PZ +P3ol'oi-.PCLOCK 
Ps-PCLOCVPTOT 
P4-P411'TOT 
P3-F31PTOT 
P2o.I'ZIPTOT 
Plo.l'liPTOT 
(t()IX-R~O() 
IF (Ct()IX. GT. (P1.!'2.!'3-P4)) THE~ 

TilE • TD'E •DT 
ELSE IF(Ct()IX.GT .Pl•P2•P3) THEN 

snE~ 
Ol-e 

ELSE IF(C>()lX.GT .Pl•PZ) TMEN 
SITE·2 
o-e 

ELSE lF(Ct()IX.u• .Pl) '!liEN 
snE~ 
01-1-l 

ELSE 
SITE•2 
01-1-l 

ENl IF 
IF ((llNK(4).LE.l!F).ANO.(SlTE.!Q.Z)) SITE..e 
IF ((clfo<K(5).LE.11F).~O.(SITE.EQ.6)) SIH..e 

Elolll CO 

lOCATION Of THE REACllOII SITES 

O<!Ck-e 
IX> 11\ULE (CHECK.EQ.I) 

SPCo--e 
D-W~T •L lHK(l<Of') •RiiDO 
SPC~Co-e 
IF (SITE .EQ. 2) '!liEN 

NCOPNT•LIHK( 4 )•RNO() 
ElSE 

NCOPNT•LlHK(5)0 RNO() 
£liD IF 
SO"JoW. 
S()otOCo-e. 

RECHERCHE D£ L ESPECE OH 
IF (ltSV(l). EQ. OH) S()()l;.o501o41)<•SIIV(l) 
IF (SOIO'l.GE.OHPNT) '!liEN 

fln-l 
SPCO!-I-1 
DUUT-"'PUl(1,1) 
lf'ACE•-1 

END IF 
IF (RSV(POPUl(1,1)) ~Q.OH .AND. SPCOI'.EQ.e) 
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S(M)!i.S(M')K+YIN(l) 
IF (SOoi:IH.G£ .OHI'I<T) tl-IEN 

fu>-I'OI'UL(l,l) 
SPCOH-1 
D£BUT•l 
IFACE•l 

END IF 
1•2 

DO ~!LE ((SI>COH.EQ.e).AHD.l.U.IIT) 
IF (I!SV(I'OI'UL(l,I·1)•l).EQ.OH) 

+ SOO«lk-SOoClH•YIN(I) 
IF ((SOI()I·OHI'NT)/F .liT. ·1. E·l) THEN 

hn-I'OPUL(l, I•l)+l 
SPCOH-I 
D£1UT-POI>UL(l, SPCOH) 
IFACE•-1 

ENO IF 
IF (I!SV(I'OI'UL(1,l)).£Q.OH) THEN 

S()()H.S()>O;.+SiiV(I) 
IF ((SOoi:IH·OHI'WT)/F .GT.•l.£-3) THEN 

fln-POPLIL(l,I) 
SPC()<.I 
DUUT -POI'UL(l, SPCOH·l)•l 
HPACE•l 

END IF 
END IF 
l•l+l 

END DO 

RECtiERCHE DE l ESPECE NCO 

IF (RSV(l).EQ.SITE) SO•t~CD-SOMNCO.SWV(l) 
IF (S()jhCO. GE. NCOPIIT) THEN 

LOEBUT·1 
SPCNCD-1 
LFIN-I'OPUL(1,1) 
PACE·1 

END IF 
IF ((RSV(POI'Jl(l,l)). EQ .SITE) .AND. (SPCNCO. EQ.0)) THE~ 

~CQ-SQI.t.CO+SiiV(1) 
END IF 
IF (SOiotiCO.GE .NCOPNT) THEN 

LDEIU~·POP•M1,1) 
SPCNCD-1 
LFIN-1 
P.lC£•·1 

ENO IF 

1·2 
DC ~~'alE ((SPCNCO.EQ.t) .AND. I.LE.N~) 

IF (RSV(POI'Ul(l, I-1)+1). EQ. S:TE) 
~CO+SCJ>~',CO. SWV(I) 
IF ((SO"W~O·NCOPh'T)/F.GT.-l.E-3) THEN 

LDE I tiT ..POPUL(1,l·1)+1 
SPc~co-: 
LFIN..POPUL(1,SPCNCO) 
PACE·1 

END IF 
IF (RSV(POI'Ul(l,I)).EQ.SITE) THEN 

SCJo~~;CO.SOMNCO.SiiV(I) 
IF ((SOMNCO-NCOPNT)/F.GT.-1.£·3) THEN 

LDEIUT -POI'UL(l, I) 
SPChCO.I 
l F Ih..POPUL(l, SPCNCO·l)+l 
P.lCE··l 

END IF 
END I• 
1•!•1 
ENO llO 
CHECK•l 
IF (SI'COH.LE.t .CR. SI'CNCO.LE.t) THEN 

CHECK-e 
END IF 
lF((SI'COH. EQ.SPCNCO) .ANO.(SWV(SPCOH) .LT .2/F)) I HEN 

CHECK.e 
END IF 

ICI ON FCJ\ME LJ. ND\IVELLE KllECUL£ DE SA PART!£ 0' 

CDlM•l 
DO l..OEtUT,f\n•HPACE,HI'ACE 

NEWV(COJHT)-RSV(l) 
CO\.ti'T ..cou~ r •l 

END DO 
SOH-((X.I!.'T 
NEWV(COJHT)-3 

P.utTIE NC:O 

COUIIT ..COUIIT •1 
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110 l·Ll>EIUT>tl>ACE, LFIN, PACE 
NOIV(CO\Jh":')•RSV(l) 
CWNT.COUNT•l 

Elll 110 
CllM .COUNT -1 

C PER~OIOOiiG THE RE.I.CTlON AND ADJUSTING VECTORS 

SW(SPCOH).SWV(SPCOH)-1/F 
IF (SIIV(SPCOH). L T .1/F) THEN 

IF (SPCOH. LT. SPCNCO) SPCNCO.SPCNC0-1 
CAI.L IU:OUCE(FL,NT ,SPCOH,SITE,LINK,OH) 

£11) IF 
SIIV(SPCNCO)•SIIV(SPCNC0)-1/F 
IF (SW(SPCNCO).LT.l/F) THEN 

CALL REOUCE(FL ,NT ,SI>CNCO, SITE, LlNK,OH) 
Elll IF 
LlNK(l+OM).LINK(l..oH)-1/F 
LIIIK( 6)•l INK( 6) +1/F 
LIIIK(7)•LlNK(7)•1/F 
IF (SITE.EQ.2) THEN 

LINK( 4)•LINK( 4 )·1/F 
ELSE 

LINK(5)•LINK(5)·11F 
!Ill IF 

C.A.CUL OU POIOS WOLECULA!RE DE lA I()IJV£LL£ £SPEC£ 

POIOS..e 
00 l•l,COUNT 

IF (liEWV(I).EQ.4 .OR. NEWV(I).GT .6)TH£1i 
POIOS-M:JNO•NEWV(l)/4-POlOS 

END IF 
I< (NEW (I). EQ .5) POlOS.IBOOY.PO!DS 
IF (NEIIV(I).EQ.OH) POlOS•17•POlDS 
!F (NEIN(I). EQ, SITE) POIOS-42+POIDS 
IF (NEIN(I).EQ.3) POIDS.S9+l'OIDS 

ENO 00 

C Oh CHEitC~E l'EXISTEII<E DE CE POIDS WOLECULl!RE DANS POPUL 

INSERT ,.f) 
Jl)jt...\.\;,.f) 
I·l 
110 11>1ILE (I.LT.NT) 

lF ((POIOS. EQ. POP\1L(2, I)) .AND. (JLJ.IEAU. EQ.f)) JUMEA"·l 
IF (PO!DS.LT .POPUL(l,l)) THEN 

INSERT-I 
l .... ~ 

END IF 
!·hl 

E~D 00 
If (!NSERT.EQ.e) INSERT..IiT+l·NISO 
Ct<ECK..e 

C S; 'O!O(.'Vl. 

n (Jl)j£AU.NE.t) THEN 
00 J;.J~!A., INSERT 
l~((((NEIIV(l). EQ.RSV(POPJL(l,JJ-1)•1)) .At.O. (NEWV(COJ~ T). EQ. 

• RSV(POP\;L(1,JJ)))) .Oil.({N£1\\'(l).EQ. RSV(POPJL(l,JJ))) .AND, (hEll'>'( CD 
• U~7). EQ.II.SV(POP\ii.(l,JJ•1)+1)))) .ANO. (CMECK.EQ.e)) T>.!N 

CMECK•l 
SWV(JJ)•SIIV(JJ )•1/F 

END IF 
E"' 00 

END IF 

C HQO. "i'ROUVE 

IF (CHECk.EQ.t) ThEN 
00 I..FL,POPu.(l,INSERT-1)+1,•1 

~SV(I+CWh T)•RSV(l) 
END 00 
110 1•1, CCI.JIIT ,1 

ltSV(POPuL(1,1NSERT -1 )+I)•NEWV(I) 
END 110 
00 I~ ,INSERT ,·1 

SIIV(I•l)•SIIV (l) 
POPUl(Z, I+l)oi'OPU'.(Z ,I) 
POPUL(l,l+l)-POPUL (1,I)+C0UNT 

END 00 
• SIIV(INSERT)•l/F 

POPJL(Z ,INSERT)-POIOS 
POPui.(l ,INSERT)..POPUL (l,INSERi -l)+CCI.J~7 

NT•NT+l 
H•Fl+tWNT 

£11) IF 
X.;.!NK(6)/M'QLY/Z. 
CALL l€>cECULE(ki ,I()N(),IIOO¥ ,1411 ,MN ,SN,. TRLi£. ,N!SO) 
arat(Uh!T, 0 ) SN ,SII. +51!. "fi<OO..·FLOAT(ittr)/F, tttr 
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F:N OE l'EVEHEMENT 

CAI.L SetPort(VAL4(ptrl)) 
CAI.l EFFAC£(1t,13,3f,lt) 
frastS.ISTRGS(t tor) 
CAI.L lt>vtTo(Vo\Z(?Il), VolZ(le)) 
CAl. L !lr<JOTUt(frosoS, Vo\2(1), VALZ(15)) 
CAI.l £FFAC£(lt5,73,3e,lt) 
fros•S.lSTIIGS(NT) 
CAI.l lt>voTo(Vol2(leS), Vat%(18)) 
CAI.l Or""Text(frosd, Val2(8), VALZ(l5)) 
CAI.L EFFACE(ltt,U,le,ll) 
frosoS.lSTIIGS(FL) 
CAI.L lt>vtTo(Votz(llle) ,Vat2(9S)) 
CAI.L Or""Tut(fras.S, Vo\2(8), VALZ(15)) 

IF QllD(X,I.IZ).LT.l/F/liM!) THEN 
CAI.L EFFACE(35,ZI,43,1e) 
frau$-RSTRGS(Ioll) 
CA:.l lt>veTo(Vo\2(35), Vo\2(35)) 
CAI.l Or""Ttxt(froseS, Vo\2(1), VALZ(ll)) 
CA:.L EFFACE(3S ,43 ,43 ,18) 
frases-~STIIGS(r.t.) 
CAI.L lolovtTo(Vat2(3S),Vo\2(St!)) 
CA:.L Or""Toxt(fros.S, Vo\2(8), VA~Z(l0)) 
CAI.L EFFAC£(35,5&,43,18) 
frase$-RSTRGS(X) 
U.~L lolovtTo(Vol2(35), Vo12(6S)) 
O ... L Or""Tut(fro5tS, Votz(e), VALZ(S)) 
C.l.i.L PLOn.toi(X,MI!, SXZ ,SYZ,OLDX(l) ,D,OY(l) ,LZ ,HZ, Ptr2 ,403, 2) 
CA.. L PLOTMII(X ,Mk, SXZ ,SYZ ,OLOX(2) ,O,DY(Z) ,LZ,n2,otr2, 341, Z) 
111UTE(UNIT ,14) NT ,FL, iter ,X,MN,MII, TIME 
~e"r ... lNT(A!NT:Tiot:/61.)) 
frostS.ISTRGSCneurt) 
\ f(~eurt .lt .lee) frose$• '8'//fros.S 
\ f(hOJrt. tt .le) fro uS. 'I)'/ /fros.S 
t .... .psS.fronS(1:3)//' :' 
n .. "rt•JI>(J!)(!~T(AlNT(TD!E)), Ge) 
fNseS.lS~GS(neure) 
i.f(heurt.lt.le) frase$-'8'//froseS 
t~•S..t""'!'sSC1: •)t/frostS(l: 2) 
he>.~re•li(!((TIIE ·AIWT(TIME))0 6e.) 
frouS.I S TRCS(nt•re) 
tf(heurt. tt.lt) frast$-'8'//froseS 
tOIIII>sS..t-sS(l :6)//': • //frauS 
CJ.LL ~1>4E(tefi'QsS,ptrl) 

Hll lF 

IF (I(X)(~,t.l).LT. l/Fillle) THEN 
U.•L P,OTDS(h'T ,S~3,SY3,Ll,H3,ptr3) 
lF(lloFR.:!M£) THEN 
III\:TE(6,•) "ES.PEC£ OH" ,(NEWV(I),l•l,S~·l),l 
111t':TE(6, •) "ES.PEC£ NCO" ,SIT£, (NEWV(I) ,I•Sil>i•l,CO~\"!') 
II«.PEC6, 0 ) "hOI I>IJ.ECULE" ,(NE,...,(!) ,1•1, COL/h'T) 
111UTE (6,15) 1,POPUL(2,1) ,SWV(l) ,(~V(l), l•l,POPJL(l,l)) 
J.Z 
DO 1111lLE(J.LE.NT) 

llltiTEC6 ,15) J, POP.Jc(Z ,J), S11V(J), (~V(l), I.POPJL(l,J ·l)•l, POP 
• Ut(l,J)) 

.J.j .. l 
!'l(i DO 
III'.!TE(12, 0 ) "NT• ",NT," Fl• ",FL," X·" ,x,• ITER· ",tter 
DO J•l,NT 

II"--:TEC1Z,16) J,POPUL(2,J),S~V(J) 
El(i DO 
fl(i lF 

El(i IF 
'I. ttr•t ttr+l 
£1(i DO 
Ull PLOTDS(h'T ,5~31 SY3,L3 ,H3, ptr3) 
111UTE(6,•) 'iE~!NE' 
111UT£(UNlT ,•) 'OlSTRIWTICJI FINALE' 
IJIIUTE(UWIT ,15) 1, POPJL(Z ,l) ,S,...,(l),(RSV(l) ,1•1, POPUL(l,l)) 
J.Z 
DO 11\olll E(J .l £.NT) 

111\ITE(IJI!T ,15) J ,POP~L(2 ,J), SWV(J) ,(RSV(l) ,l•POPUL(l ,J-1)+1, 
POI"J.(l,J)) 
J•J•l 

fl(i DO 
111UTE(UNIT, •) "LINK WE!Gio!T VECTOR" 
111U~!(UN:T ,13) (LINK(l) ,l•l, 7) 
c.OSE(ll) 
CLOSE(1Z) 
r.::T£(6, •) 'VOJLEZ·VOIJS IloFRlot:R ? (OUI•l,NQI.-0)' 
1\E.AO(S, •) IloF 
lF(lW>.EQ.l) ir!EN 

CJ.LL GP~(Vol4(ptr1), Vot4(ptr2) ,Vo\4(ptr3) ,e) 
Elil IF 
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PAUSE 
lt FCI'Oio\T (' ',tx,IS,',' ,16,',', Ffi.3) 
11 FCI'Oio\T (' ',21(I4 ,lX)) 
'! FCI'Oio\T (' ',1t(F7 .3, tx)) 

FCI'Oio\T (' ',11(F7 .2, ZX)) 
A Fcru4AT (' • .x•. ·.·,1st·,· ,Is,·. 'F4.3, ·, • .Fo.e, ·• • ,F6.e, ·.' .F6.1) 

15 FCI'Oio\T (' ',ZX,l5,4X,l6,4X, f6.3,zt(I4,1X)) 
16 FOAMI.T (' ',2X,I5,4X,I5,4X, F6.3) 

Ell> 
C •••••••••• .. • FIN rlJ PAOGR»to4£ PRINCIPAL ••••••••••••• 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C SOOS·I'ItOGIUI+IE M)[)IFWIT U POLICE D'llf'RESSION c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SIJIROUTINE POLICE (Nl, N2 , N3) 
\nte~••• N1,N2,N3 
(JJ..L ToxtFont(Vo lZ(Nl)) 
(JJ..L TextStze(Vatz(H!)) 
(JJ..L TutFace(Vat2(N3)) 
Ell> 

c•••••••••••••••••••••••••••••••••••••••••••••••••• 
C Str2SS f11r>eticn 
C -• o Postal string fr'"" a FORTRAN stnng , ................................................. . 

CHAJU.CTER"2S6 FUNCTION Str255(str>ng) 
CHlltACTER"(") string 
Str255 • OW\(LEN(TRIM(string)))//string 
RETURN 
£11) 

~/Z31'95 11:33 N4 tiord\sk: FORTRAN STUFF :polymer. f.§ 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C SOOS·'~ CREEAHT U14E FENETRE c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SIJIRO\JTINE ECIWI(m, tap ,loft,loottll!, rigkt ,title ,ptr ,,.indO'Io) 
ll£COIU) /Recti wrect ! rectangle ckfin1ng "'ncl"" 
RECOIU) /lhndcoll\eccrd/ window ! stor09e for windo• 
IIITEGER•4 top, hft,bottOIII,right,ptr ,nm 
CHlltACTER"44 tit\o I title stri~~g for "indows 
CHlltACT£R*2S6 Str255 I fortran to pascal strtng f11nctH111 
EXTERHAL StrZ55 ! def1ned at ond of t~a h le 
.....,ct.top • tCII ! where to pllt second "'ncl"" 
...... ct. \eft • left 
.rect.bo1:tclll • !>ott ... 
.....,ct.right • right 
ptr • N......,n6cloo{"indooo,•rtct ,StrZS5(title), voU(.true.), 

vol2(""), vol4(8), ..... uc. false.), vo\4(e)) 
(JJ..L Selectth-(VAL~ptr)) 
(JJ..L SetPOM:(VAl4(ptr)) 
REl'UI\N 
Ett:l 

3/231'95 11:34 N4 tlord\sk:FORTRAN STUFF :polymer. f.§ 

................................................................. 
SOUS-PROGIWM COIIVERTISSAIIT UN ENTlU EN CHA.!NE DE CAIU.CTERES ................................................................. 

FIJHCTION lSTRCiS(NCMlRE) 
IIITEGER*4 IOIIJIE ,L 
CHAAACTER"15 l5TRGS 
(JJ..L -ioStr\ng(VAL4(N0141R£) ,ISTRGS) 
IF {NOI4lRE. NE.t) THEN 

L•IIIT(ALO<ilt(AIIS(FLO.lT(NOI4lR£))))+Z 
ELSE 

L~ 
Ell> IF 
lF (NCMIRE. L T .I) THEN 

Lol+l 
EllllF 
lSTRGS..lSTRG$(2: :L) 
RETURN 
Ell> 

c ................................................................ . 
C SOUS·PROGIWM COIIVERTISSANT UN R£EL EN CHAXNE DE CAR.t~TERES c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

FUNCTION RSTRGS(HCMRE) 
CHlltACTER"3e RSTilGS,RESTS 
IIITEG!~•4 ENTlER, L 
IlEAL •4 NOI4lRE 
EIITIER..INT(AINT(HCMRE)) 
CA!.L -TcStr\ng(VAL4(EIITIER) ,IISTRG$) 
lF (HCMR£.NE.t.) THEN 

L•I~T (ALO<il 9(AilS(HCMRE)) )+2 
ELSE 

L.Z 
EII>IF 
RSTRGS.. TR~(iDJUSTL (RSTRGS)) 
ENTl E R-IJIS(INT((HCM RE -liNT (NCMIRE)) •111!0)) 
U..L -TcString(VAL4{Eh'TIER) ,RESU) 
DO I·INT(ALOGli(FLOAT(£NTl£R))+1),2 

ltESTS.."t" I /lt£STS 
Ell> DO 
RSTRGs-.IISTRGS(Z: L)//CKAR( 46)/IRESU(Z :•) 
RETURN 
Ell> 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 

CE SOIJS-PROGIWtE GfNER£ L£ F*AT O'UN GRAPH 

• • 1!1()011 IIINIER 
Xl• uPPE~ \eft corner p\xe\ x 
Yl• UPPER left corner put\ y 

~ XZ· IIOTTCJol r\glrt corner phd l< 
C YZ• IIOTTCJol rtglrt corner p\ul y 
C lOCh, lOW:, OON, ~ • sco\o dof\n!t\on 
C Gl\11) • t: lie grid, GRlD-1, grid lines c ................................................................ . 

StaROliTINE INITPLDT(ptr ,Xl, Yl,XZ,\"2 ,OON ,lOIAX, OON, VMAX,G, SX,SY, 
+ trg<H.I!', hlalteur) 

INTEGE~04 ptr ,Xl, Yl,XZ, Vl,G, \orgeur, houttur ,ox,oy ,XDLD, YOLD 
IDL 0 4 lG<Ill, XMU, OON, Y)W(, PROP X, PROPY, SX, SY 
CJo!AAACTER•31 liS 
CJo!AAACTER•ZS6 ISTltGS,ItSTftGS ! integer/REAL to str1ngS functton 
CJo!AAACTER"256 StrZSS ! fortran to pasco\ string functton 
£XTERH.ll StrZSS,ISTftGS,RSTftGS ! deftned ot end of thu fl\e 
ltECOROIRect/r 
CAI.L SttPort(VAL4(ptr)) 
to•geur•XZ-Xl 
houteur-VZ-Yl 
PllOI'X•.I 
PROPY•.I 
SX..PROPx•targeur/(XIW:-OON) 
S Y..PROPY•hauteur /(\')W(· YlollN) 
o•-~I NT ( C 1· PROPX)/2° l argour) 
oy.IIINT((l-PROPY)/Z0 houttur) 
XOlD-ox 
YO!. D-o) 
r.top-oy 
r. hh-ox 
r .bott"""""Y+IIINT(PRO!'Y0 1\ollteur) 
r. ri ght-ox+Nlh'T(PROPX"lorgeur) 
CAI,L PenStze(VALZ(Z), VALZ(Z)) 
CAI.L Fr-ect(r) 
CALL PenStze(VAL2(l), VAL2(1)) 
CALL P0LlCEC21,9,e) 
CALL 14oveio(Vo\2(cx·ZS), Vo\Z(oy+2)) 
hS.ISTl!.GS(lNi (Y)W()) 
CA..L O..""Text(NS, Vo\2(1), VAL2(lNT(ALDGl0(00X))+1)) 
CA~L 14ovtTo(Votz(ox ·S), ValZ(O)'+NINT (PROI'Y 0 ho"te"r )•10)) 
HS.:STl!.GS(I~T(XlaH)) 
CA..L Or""Tnt(HS, Vo\2(t), VALZ(lNT(ALDGl0(Xl':k))•l)) 
CAI.L ~veTo(VolZ(ox -25), Vo\Z(oy+N!Ni (PROPY•noJtc"r)+Z )) 
NS.!STI\GS(INT ('Ylollk)) 
CALL Or.,..T .. t(NS, Vatz(t), Vll2(lNT(ALOG18(~!N))+5)) 
U.:.L 14ovtio(Vo\Z(ohlNT (PROPX•torge"r )· 70), 

• Va\2(0)+11lNT(PROPY•noJteur)+18)) 
hS. IS TftGS(lNT (JO.U.X)) 
CA"L Dr.,..Toxt(NS, Vot2(0), VAL2(1NT(ALOG10(00X))•l)) 
lF(G. EQ 1) THEN 

l•Z 
DO •:LE(I.LE.8) 
CA•l WoveT O(VolZ(ox), Votz(oy•NINT(PROPY•no.r:eur/10"!))) 
CA.l l \nt(Vot2(l~ T (PROP~•\orgeur)·l), Vo\2(0)) 
CALl WoveTo(ValZ(ox.NINT(PROPJt"large"r/10•!)), Vo\Z(o~ )) 
CALL L tne(Va\Z(8), Vo\Z(INT(PROPY•nautt"r)-1)) 
l•I•Z 

!hD DO 
Ehl'l IF 

CALL WoveTo(VolZ(r. left), VoU(r .bott.,..)) 
RETo!Ui 
Ehl'l 
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( ............................................................... . 
~ CE SOUS·P~ CALClA. lfi(W), llii(H) ET LA QT~ TOT ALE (I«>LES) 

c INPUT: HT ,lllNO,IIOOY DIJTI'UT: llii,M~j,SN •............................................................... 
SLBR!lUTINE M)L£CULE(HT ,lllNO,IIOOY ,Miil,lf< ,SN,CHOIX,NISO) 
togicol CH:liX 
\fttt!l<'r"Z RSV(-) ,NEIIV(Zteee) 
iftte!l<'r"4 I"'PUL(2,3eee) 
iftttgtr•c HT ,IC)II() ,IIOOY, FDI,NISO 
reot•c SIIV(3eae),l«,lf<,SN,POIDS 
reot•a SNM,SN>CZ 
C(M()II POI'IJL,ItSV,NEIIV,SIIV 
SN>W. 
~-
SN>C!o41. 
IF (CICllX) TIIEH 

FIN-NT 
£1.5£ 

flN-HT-NISO 
£111 IF 
DO l•l,FIN 

£Ill 00 

I'OIDs-FLOAT (POPUL (2 , I)) 
S,...p()IOS•Swv(I)+SNI'I 
SH-SIIV(l)+SN 
SN>CZ-I'OIOS0 POIOS 0 Sitv(I)+SNI'I2 

-£1.:. (SN>CZ/SIIJ) 
_E....,(SNI'I)/SI\ 
llETIJllN 
EH:l 

416/95 18:116 Nl. Hordisk :FORTRAN STUFF :pol)/11\erll. f.§ 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CE SOUS·~ CALCUL !Jj£ MI.TUCE CCM'RENANT LE PO!DS 
IO.ECUUIRI: 0£ CH.f.CUtjE DES E5PEC£S ET LEUR POSITIOI. HI!MikA. 

( 
c 
c 
c 

DA><S L£ REACTOR SPACE V£ CTOR ................................................................ 
SLBI!OUTINE POI'(Fl.AG, NT ,1>10+(), IIIOOY) 
\ fttegor•2 RSV(iMI!e) , NEWV(211000) 
tfttOSI<'r•4 POI'\A.(Z ,3110e) ,SPECIE ,141!, FLAG 
integer•• N"T .K>ND,IIOOY ,WT .N')W 
root •c ~WV(-) 
C~ POI'u•,II.SV,NEIIV,SIIV 
L.AST..ItSV(l) -.. 
SP'£CI£_. 
DO l•l,Fl.AG 
NOII-II.SV (I) 
IF (IOI.EQ.4 .OR. IIOII.GT.6) -+I«>NO•NOWI~ 
If (IOI.EQ.S) ~t~.-...IIIOOY 
If (IOI.EQ.l.OR. 0 .EQ.e) -17-
IF ((0 EQ.2).0R.(NOII.EQ.6)) 1411-42-* 
IF (IOI.EQ.3) *"59..MII 
IF ((l.AST.EQ.~ .AICl. O.LE.l).Olt.(LAST.EQ.S .AND. NOII.EQ.2).0~. 

• (LA$T.GT.6 .AH:l. O.LE.l) .OR. (LAST.EQ.S .AND. NOII.EQ.6)) THE~ 
SPECIE•SPECI£+1 
POI'Ul.(l,SPECIO•l 
POI'lA.(Z ,SPECl£)-
1411o41 

EH:l IF 
L.AST..I(llll 
Ell: DO 
1i1o5PECIE 
RETIA~ 

Ell! 
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( ·····························•·································· C C£ SOUS·PAIXiiUII+IE (LOONE L£5 £51'£CES llONT LA QTE PRtSENTE 
C ESi INFtiUELIRE A l.fj 1/f c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SliiROUTINE REb)CE(FU.G,Ni ,I,SITE,LINK,OH) 
\rtteger•z RSV(IieMie) ,NEWV(Zteee) 
\rtteger•4 I'OPUL(Z ,:stee) ,Hi, Fu.G,SHIFT ,START ,I ,FOH,FNCO,SITE,OH 
r..,\ 0 4 SIIV(3MO),.IIo«llJNi,LDIK(2) 
CCM«lN I>OFIJL , RSV, NEW, SWV 

FOH-e 
FNCO.. 
~-91/V(l) 
SHIFT-I'OPUL(1,l) 
START•l 
IF Q.GT.l) THiN 

SlilFT...p()PUL (1, I)-I'OPUL (1,1·1) 
START...p()PUL(1,l·1)+1 

£110 IF 
IF (RSV(START).L£.1) FOH-1 
IF (RSV(POPUL(1 ,I)) .L£ .1) FOH-FOH+1 
IF (RSV(START).EQ.SITE) FNC0.1 
If (RSV(POI'UL(l ,1)) .EQ. SITE) FNCO.FNCO.l 
DO J•I,NT-1 

SWV(J)..SWV(J•l) 
I'OPUL(1,J)-POPUL (1 ,J+1)•SHIFT 
l'O'Ul(2 ,J)-POI'VL(2,J+1) 

£NO DO 
DO J-START, FU.G•SHlFT 

RSV(J)-RSV(J•SHIFT) 
END DO 
FU.(;.Fi.AG·SHIFT 
Ni-Ni -1 
IF (RSV(STAAT).L£.1) FOH-FOH-1 
IF (RSV(POPUL(1,1)). LE .1) FOH-FOH-1 
IF (RSV(STAI<T).EQ.SITE) FHCO.FNCO·l 
IF (RSV(POPUL(l,l)).EQ.SITE) FNCO.FNCO·l 
SWV(l)•SWV(I)+mlUkT 
LIN~( 1.0; )•Ll NK (1 +OH)- (REAL (F 01<) ) 0 OOJ~ T 
IF (SITE.EQ.Z) THEN 

L!NK( 4 )•LINK ( 4) • (IlEAL (FNCO)) "AI<OoJN' 
ELSE 

LlNK(S)•LINK(S)·(RUL(FNCO))•OO:JiiT 
ENO IF 

ll£TlJIIH 
EN:> 
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................................................................ 
CE SOUS-1'1\0G~ TUCE L.l DISTIUBliTION DE PO!DS l«lLECULAIR! ................................................................ 

~ROUTINE PlOTllS(NT ,SX,SY,l,H,ptr) 
\nteQor 0 2 RSV(6ellee) ,NEWV(2teee) 
integer•4 PDPUl(2,3eee) ,o~,oy ,IX,IY 
\nteger*4 NT ,L,H.pt.r 
reo\ 0 4 SWV(341ee) ,SX,SY ,LEMU,dasse(SI) ,cat 
RECOIW/Rtct/r 
(().M)Ij PO!'IJL, RSV. N£11\'. swv 
Ol•INT( .1°l)+1 
oy-INT(.l-H)•l 
r.t-y+Z 
r. \eftooX+S 
r .bot-I!IT( .9•H)·Z 
r .r\ght·INT(.9°L)·S 
CALL SetPort(VAL4(ptr)) 
CALL Erosellect(r) 
"":-4.477/51. 
DO J•l,SI 

cla55e(J)-I. 
Hll DO 
DO l•l,NT 

J•INT ( (lLOG.li(FLOAT(PO!'IJL (2, I))) ·1. )I cat) 
HCCJ ,(iT .e).lND. (J .LE. 50)) c\osse(J)•closse(J)·SWVG) 

£1() DO 
LEMU-e. 
DO I•1,5t 

lF (dasst(I).liT .lEMU) LEMAX-classt(I) 
Elll DO 
DO I•l,se 

IXoo••INT((FLDA1 (I)•cot)• .I•F LOA'r (L )/4. 477) 
CALL MoYI!Ta(ValZ(IX), Val2(INT(. 9°H)·l)) 
IY•INT(tlosse(I)/LEMU"9, •SY) 
IF (IY.LE.(lN!(.I"H))) ThEN 

CAll l \neTo(Val2(IX), ValZ(INT( .9°H)-lY-1)) 
END IF 

E>,D DO 
llETUIU< 
Elll 

................................................................. 
CE !>OUS·PROG~t TUCE LE POIDS l«:k.ECULA:R£ ................................................................. 

SI.IIROOTINE PLO'TMII(X ,Mil, SX,SY ,O!.DX,OLOY, L ,H, Ptr, cau;eoJr ,g•cs) 
t~tgtr-•4 cx,oy,lX,I'Y 
\nteger-•4 L ,1-i,ptr ,OLOX,OLOY, c:ouh:ur ,gros 
r""\"4 X,141r,SX,SY 
C>•l•'C .l•L)•l 
0)'-lNT( .l"ri)•l 
CJ...~ SetPoM:(VAL4(ptr)) 
l~>•I~T(X•SX) 
lY..;.·O)-·lh'T(MII"SY) 
IF (!Y .CE .oy) THE~ 

CALL ForeCo\or(Vol4(coultur)) 
CAlL PenSat(VA.Z(gros), VALZ(gros)) 
U.Ll MovtTo(>o1Z(OLDX), Vo\2(0~Dv)) 
U.Ll L \neTo(Vo:zciX), ~a\Z(IY)) 
CALL Fort(olor(Vo\4(3e)) 

£1() IF 
OLD~·IX 
OLDY·IY 
U.U PtnS\Zt{VALZ(l), VAL2(1)) 
Rrru;;.~ 
£1() 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C SOUS-~E SERVAIIT A l.llMENT£1\ LE GENERATEUR OE 
C H()oiii:(E Al.tATOlRE AVEC ll. DATE ET L 'HEURE DU SYSTEM£ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

S~ROOTlHE IWOJIW:E() 
lhii GER•4 GETI.S 
IIILINECGETI.S-z' 2dd ') 
Integer*4 sec 
~£CORD /Qu\ci<dr....Globots/ QD(i\obols 
I'Oih'TER (p_QD(itobots, QD(i\01>0\s) 
p.QD(ilobo\$ • LONG(GETI.S()) - $1Z£0F(!Qu\ckdrCIWGlcbo\s/) 
CI.Lk CictDoteT\,.(stc) 
QOG\obo\s .I"GndSeed • sec 
RETURN 
EIC> 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C SWS·PitOGRAMME FONCTlON ltETDURW.NT UN NOMI!RE ALtATO:R! 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Fl-"CTIOI< II.NOO 
IlEA~ •• ltND 
1\1().(!2767. -Fl.lloi.T(Rancbn()))/65534. 
IUTURN 
£1() 

c•••••••••••••••••••••••••••••••••••••••••••••······•••••••••••• 
SOl:S·PitOGR.I.I+IE EFFAC..V.i UNL C!Wf' DA~S U~E FENETRE 

c•••••••••••••••••••••••••••••••••••••••········••••••••••••••••• 
S~ROIJTIH£ EFFACE(X, Y ,L,H) 
\nttger•4 X1 Y,L,.,. 
CI.LL ForcColor{VaH(3e)) 
CALL Pe"Stu(VAL2(6), VALZ(9)) 
CI.LL 1CvtTo(Vo\2(X), Vo1Z(Y)) 
CI.LL l '""To(Vo1Z(X.L), ValZ(Y)) 
CI.;.L FortCotor(Vol~(33)) 
kETUR~ 
£1() 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C SOUS·PitO(j~E EST.DWIT K-1 et .., ••ton Mooosko 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Sl*I>.OUTINE MACOSKO(IIOOY ,MIIl,NCOOH, LZ ,HZ ,SXZ ,SYZ ,ptrZ ,NT ,NISO, E) 
\Mtger•2 RSV(6Mee) ,NEWV(2Mil0) 
\nteger•~ I'OPUl.(Z ,:MJee) ,NT ,NlSO ,IOI>.NE 
\1'1ttger•4 IaOOY ,OLDX(Z) ,OLDY(Z), LZ ,HZ ,ptr2 
rea\•~ "",1411,Mifl,NCOOH,X,SX2,SYZ,FE ,GE,BODY ,R 
reo\·~ MAFAF ,lf!FB<, SA< ,SIF ,toe~,lllb ,mp ,ni>p ,W.FZAF ,MSFzBF 
rtot •4 t.:iM4, GJe, SWV(MOO) J E 
COIM:lH POPUL, RSV, NEWV, SIIV 
!WAF ... . 
IW2AF ... . 
w-e. 
DO 1•1, NT ·NISO 

MAFAF-IWAF..!'04'U1.(2 ,l)•SWV(I) 
MAF2AF"'*F2AF..POPUL(Z ,l)0 POPUL(Z, I)•SWV(I) 
SAF-SAF+SWV(l) 

EICl DO 
MIFBF.e . 
.. FZI! .... 
Sll'..e. 
DO l_,..,.·N!SO..l,NT 
.. FIF..14!FIF .popuL(Z ,!)•SWV(l) 
1411' 21!...141!28! •I'OPWL(Z ,l)0 POPUL(2, I)•SWV(!) 
SJFoSBF+SIN(l) 

Ell> DO 
FE•Z, 
GE•2. 
-FAF/SAF/FE 
oob••tll'l F /SII 'IGE 
tll.lP.IU.F2AF/SU/H 
ootx>-14BFZIF/SIF/GE 
GMI.·H•.,. 
Glf! -G E • lOb 
IOOY•FLOAT(IBOOY) 
R·l!NCOOH 
-(MAFAF-MIFIF)/(SA<+SBF) 
.... ((l/NCOO")_l_l-1100Y0 BOOV)/(Itl:lloCOQ>1•BOOY) 
OLDX(l)·INT( .1°L2)+1 
OLDX(2).0UlX(l) 
OLDY(l)-HZ·INT( .1°H2"""'"SY2)·1 
OLDY (Z)-HZ ·INT( .1°H2...,"SY2)·1 
IORNE•lNT(E) 
DO l•l.~E,l 

l•F lOAT(I)/lte . 
.... (MAF t.< +MI'IF)/(SlF+SBF -F E•X•SAF) 
CA~ l PLO'Tloii(X ,...,, SXZ, SYZ, O~DX(Z) ,OcD•(Z), LZ ,'!Z, ptr2 ,33 ,1) 
l>ti·(R•x-...p•X•mtn:) '(R•x•.,..x•mb) 
.......... x•x •R •cx•(FE -1. )•Ci4 •CiJ.CS .. x•R • (Cit -1. )* 3-I..A•Qr.I.A ... 2·G~·Gus;' 
(X•R•ma·X 0 mb)/(l. ·X•X•R•(H·l. )•(GE ·1 )) 
CA.l P•OTOII(X,._. ,SXZ,SY2,0LDX(l) ,OcD'(l), L2 ,ri2 ,p<r2 ,33 ,l) 

EICl 00 
1\E ... vRN 
El£ 
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c•••••••••••••••••••••••••••••••••••••••••••••••••••••·········• 
C SClJS·"-OG~E lHniANT l'HORLOGE VIRT\JEL 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

!aRO\JilN£ lNmliE(ptr) 
"inte9er•' ptr 
IIEC()IU).!Roc:Vr 
r.top-151 
r.bot-llt 
r. \eft-15 
r .rip.t•11S 
UJ..l SetPort(VAL4(ptr)) 
CAI.L foreC:.Otor(Va\4(33)) 
CAI..L PenS\Zt(VAL2(2), V.t.LZ(2)) 
UJ..L Fr-ect(r) 
CAI.L foreC:.Olor(Va\4(33)) 
r.top-133 
r.bct-151 
r. \eft•15 
r .rip.t•llS 
UJ..L Fr-'!oct(r) 
r.top-153 
r.bot-177 
r.ltft•lB 
r .rtgnt•llZ 
UJ..L PtnSizt(V.t.LZ(l), V.t.LZ(l)) 
C.t.LL Fr-ect(r) 
C.t.LL MovoTo(VoU(ll), Vo\2(146)) 
C.t.Ll POLlCE(2l,lZ,e) 
C.t.LL Or""Text('VIRTUAL CLOCK', Vot2(e), Vo\L2(l3)) 
C.t.LL POllCE(21,9,1) 
RETURN 
El(l 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
THlS s-IB~MINE DISP~~S THE VI~Ti.>A: Tl"'E 1~'0 ~!MlOi> otrl 

c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••······· 
Sl.aRotrTI~E SH()It"!IIE CTEMPSS, ~t rl) 
\nttgtr•4 ~trl 
cloorocter"9 TD4'SS 
llECORO.'RtCVr 
r.to~·lS4 
r.bot~l76 
r. ltft•l9 
r.rlgl\1:•111 
C.t.LL SuPo•t(V.U4(ptr1)) 
C.t.LL Ercsel!oct(r) 
Co\. L MovtTo(Vct2(2e), Vat2(172)) 
CA:.l POLlct(Zl,ll,l) 
C.t.LL ForoColor(Vo\4(2e5)) 
(.A;. L Do-""Tt>t(TEWSS, VotZ(e), VAL2(9)) 
U.:.l I'OLICE(Z1,9,e) 
~ETUII~ 
tl.t' 
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c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C This s...b......tine prints (litloap) •indows l ,Z and 3 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Sl.I~OOTIHE GP!Unp(grcfPortl,grofPort2 ,grofPort3, bi tShopt) 
IM'LICIT NOliE 
l1.-TEGER•2 errCodt 
IIITEGER"4 grafPorU, bitSI>opc, loMopPtr, rcctPtr 
lh'TEGER0 4 grafPortZ, grafPort3 
crrCod<! • I 
CALL PrOrvr()p«n() 
errCod<! • PrError() 
IF (crrCodc .NE. I) GOTO 1118 
CALL PrCt\Catt{VALZ(iPrDcvCtl), 

& VAL4(\PrRcset), VAL4(t), 1141.4(1) ) 
errCod<! • PrErrorO 
IF (errCodc .HE. I) GOTO 1M 
bllapl'tr • LOC(grafPortl) • 2 ! b\ t~p offset 
rcctl'tr • LOC(grafPortl) + 16 ! portRect offset 
CALL PrCtlCaH(IIALZ('i.PrlttsCtl), 

& YAL4(bM:lpl'tr), IIAL4(rcctPtr), IIAL4(bt tShapo) ) 
-pPtr • LOC(grafPort2) • 2 ! bt t~p offset 
rt:etPtr • LOC(grcfPort2) • 16 I portRect offset 
CALL PrCttCot\(IIAL2(iPr8t tsCtt), 

& VAL4(bM:lpPtr), YAL4(rcctPtr), ll.ll4(bi tSoapt) ) 
blolapPtr • LOC(grofPort3) • 2 ! btt~P offset 
rectPtr • LOC(grafPort3) + 16 ! portRect offset 
CALL PrCtlCat\(VAL2(tPrh tsCtt), 

& VAL4(-pPtr), VAL4(rectPtr), VAL4(bttShape) 
crrCod<! • PrE rror() 
IF ( trrCode • NE. I) GOTO 1M 
O.LL PrCt\tatt{VAL2(tPrDcvCtl), 

l VA-4(\PrPagcEnd), VAL4(1), VAL4(8) ) 
crrCocc • PrError() 
lf {trrCooo .NE. I) GOTO 1M 
CA..L Pr(t\Cot t{VAlZ(\PrDcvCtl), 

I. V'-'4(\PrDocCloso), V.t.L4(8), YAL4(0) ) 
errCo:!e • PrError() 
IF {errCocc .NE. II) GOTO 1M 
CA..l PrOrvrClose() 
crrCoO. • PrError() 

lte tonhn.Jt 
RETUR~ 
El() 
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Titre de la simulation 
F (tel que masse 1 evenement=l/F) 
conversion totale' 
ratio NCOOH 
nornbre d'isocyanate 
nornbre de site OH 
prop. de l'isocyanate 1 
increment en temps (min) 
Reactivite du site NCO 11-0H sec. 
Reactivite du aite NCO 12-0H sec. 
Reactivite du site NCO 11-0H prim. 
Reactivite du site NCO 12-0H prim. 
Reduction du RSV() 
Impression A l'ecran 
Prediction Macosko 
nombre de classe 
MW du rnonomere 
Mw de l'isocyanate 
GPC: Mw, qte en mole 

Cha1ne 
reel 
reeL 
reel 
entier 
entier 
reel 
reel 
10. 
1. 
10. 
l. 
.TRUE. 
.TRUE. 
.TRUE. 
entier 
en tier 
en tier 
entier, 

de caract6res'*72 

or .FALSE. 
or .FALSE. 
or .FALSE. 

reel 
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Example of Screen Output 
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I!VENEIYENT • 18000 
MN = 14501.414 
~ .. 7724.297 

X= 0.880 

nornbre total d especes: 1297 

teille du veoteur RSV: 2561 9 

VIRTUAL CLOCK 

l147:ss:ool 

Mn orMwvs X 
51000 

.......--:. 

Mw Distribution 
10 

0 
10 

I 

~ 
v 

300000 
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